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(57)  Aspot size conversion apparatus (30) and a re-
lated device are provided. The apparatus (30) may in-
clude a vertical spot size converter (301). The vertical
spot size converter (301) includes N geometric
waveguides. Apart between any two adjacent geometric
waveguides is filled with a filling material. Each of the N
geometric waveguides includes an incident surface and
an emergent surface. A refractive index of the filling ma-
terialis less than refractive indices of the any two adjacent
geometric waveguides. Geometric feature sizes between
respective incident surfaces and respective emergent
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Description

[0001] This application claims priority to Chinese Pat-
ent Application No. 202011363533.8, filed with the China
National Intellectual Property Administration on Novem-
ber 28, 2020 and entitled "SPOT SIZE CONVERSION
APPARATUS AND RELATED METHOD", which is in-
corporated herein by reference in its entirety.

TECHNICAL FIELD

[0002] The presentinvention relates to the field of op-
tical communication, and in particular, to a spot size con-
version apparatus and a related method.

BACKGROUND

[0003] In an application process of an integrated opti-
cal chip, there is a problem of spot size matching of an
electromagnetic wave signal, forexample, exchange and
coupling of an electromagnetic wave signal between an
optical chip waveguide and an optical fiber. The problem
of spot size matching of an electromagnetic wave signal
is caused due to a size difference between waveguides.
When an electromagnetic wave signal needs to be trans-
mitted from a waveguide to another different waveguide,
a decrease in coupling efficiency between the two
waveguides is caused if there is a spot size mismatch,
and consequently there is a significant decrease in signal
strength of the electromagnetic wave signal in a trans-
mission process. Therefore, spot size conversion for the
electromagnetic wave signal is a key technology for im-
plementing optical chip integration with high efficiency
and a low loss.

[0004] Currently, there are mainly two manners to im-
plement efficient coupling of the electromagnetic wave
signal between the optical chip waveguide and the optical
fiber: A small spot-size thermally expanded core (TEC)
fiber with a high refractive index difference is fused at an
end of the optical fiber, to reduce a spot size at the end
of the optical fiber; and a spot size expansion structure
(SSC) is added at an end of the optical chip waveguide,
to increase a spot size of the optical chip waveguide.
[0005] Forspotsize conversion atthe end of the optical
chip waveguide, a waveguide chip made of silicon or sil-
icon nitride may use a grating coupler structure or an
inverted taper-shaped spot size converter structure to
effectively increase a spot size. However, there are usu-
ally disadvantages such as low coupling efficiency, po-
larization dependence, and wavelength dependence.
[0006] Therefore, how to improve coupling efficiency
of transmitting an electromagnetic wave signal between
different waveguides is an urgent problem that needs to
be resolved.

SUMMARY

[0007] Embodiments of the present invention provide
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a spot size conversion apparatus and a related method,
to improve coupling efficiency of transmitting an electro-
magnetic wave signal between transmission media of
different sizes.

[0008] According to a first aspect, an embodiment of
the present invention provides a spot size conversion
apparatus. The apparatus may include a vertical spot
size converter. The vertical spot size converter includes
N geometric waveguides. Apart between any two adja-
cent geometric waveguides is filled with a filling material.
Each of the N geometric waveguidesincludes anincident
surface and an emergent surface. A refractive index of
the filling material is less than refractive indices of the
any two adjacent geometric waveguides. Geometric fea-
ture sizes between respective incident surfaces and re-
spective emergent surfaces of the N geometric
waveguides gradually decrease in a first direction. The
vertical spot size converter is configured to: receive a
first electromagnetic wave signal, perform vertical spot
size processing on the first electromagnetic wave signal
by using the N geometric waveguides, to output a second
electromagnetic wave signal, and send the second elec-
tromagnetic wave signal to a first receiver. The vertical
spot size processing includes vertical spot size expan-
sion processing or vertical spot size reduction process-
ing. An angle range of an incident angle or an emergent
angle between the first electromagnetic wave signal and
a first geometric waveguide in the N geometric
waveguides is a firstrange. An angle range of an incident
angle or an emergent angle between an electromagnetic
wave signal output from each geometric waveguide and
a next geometric waveguide is the first range. The first
range is between 0 degrees and 180 degrees and is not
90 degrees.

[0009] In this embodiment of the present invention,
based on a structure of a spot size conversion apparatus
in the conventional technology, structures of a plurality
of geometric waveguides included in a vertical spot size
converter in the spot size conversion apparatus are im-
proved, so that an incident angle or an emergent angle
between an electromagnetic wave signal and any geo-
metric waveguide is not equal to 90 degrees, to imple-
ment corresponding spot size processing on the input
electromagnetic wave signal and reduce crosstalk of the
electromagnetic wave signal. Specifically, the conven-
tional vertical spot size converter includes a non-uniform
grating array, and in a process in which the electromag-
netic wave signal passes through the non-uniform grating
array, both an incident angle and an emergent angle of
the electromagnetic wave signal are 90 degrees. There-
fore, each time the electromagnetic wave signal passes
through a grating, a part of the electromagnetic wave
returns to an incident waveguide, there is crosstalk of the
electromagnetic wave signal, and an obvious phenome-
non that the electromagnetic wave returns is caused.
Consequently, coupling efficiency of transmitting the
electromagnetic wave signal between transmission me-
dia of different sizes is affected. However, in this embod-
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iment of the present invention, the spot size conversion
apparatus includes the vertical spot size converter in-
cluding the N geometric waveguides, the part between
the any two of the N geometric waveguides is filled with
the filling material, the refractive index of the filling ma-
terial is less than the refractive indices of the any two
adjacentgeometric waveguides, and geometric structure
sizes of the N geometric waveguides gradually decrease
in a same direction. Therefore, in a process in which an
electromagnetic wave signal passes through the N geo-
metric waveguides of the foregoing structure, vertical
spot size processing can be performed based on an ac-
tual requirement, to generate an electromagnetic wave
signal that matches a receiving waveguide. In addition,
the incident surface or the emergent surface of each of
the N geometric waveguides is inclined with respect to a
vertical tangent plane (a tangent plane in a direction per-
pendicular to a transmission direction of the electromag-
netic wave signal) (that is, an incident angle or an emer-
gentangle between the electromagnetic wave signal and
any geometric waveguide is between 0 degrees and 180
degrees and is not 90 degrees). Therefore, when the
electromagnetic wave signalis incident or emergent from
the N geometric waveguides, a reflected signal of the
electromagnetic wave signal does not return along an
original path. In this way, a phenomenon that the elec-
tromagnetic wave returns is reduced, and accordingly
transmission of the original electromagnetic wave signal
is not interfered with. In conclusion, according to the spot
size conversion apparatus provided in this embodiment
of the present invention, spot size processing can be ef-
fectively performed on the electromagnetic wave signal,
and the phenomenon that the electromagnetic wave sig-
nal returns can be reduced. In this way, coupling efficien-
cy of the electromagnetic wave in different transmission
media is improved.

[0010] In a possible implementation, when the first re-
ceiver is a first waveguide, the first waveguide is one or
more of an optical fiber, a waveguide chip, an external
waveguide, or a laser, and the apparatus further includes
a horizontal spot size converter, configured to: receive a
third electromagnetic wave signal output from a second
waveguide, and perform horizontal spot size expansion
processing on the third electromagnetic wave signal, to
output the first electromagnetic wave signal. The second
waveguide is one or more of an optical fiber, a waveguide
chip, an external waveguide, or a laser.

[0011] In this embodiment of the present invention,
based on the first aspect, after the corresponding vertical
spot size processing is performed on the electromagnetic
wave signal by using the vertical spot size converter, the
electromagnetic wave signal is transmitted to the receiv-
ing waveguide. In this scenario, the spot size conversion
apparatus in this application may further include the hor-
izontal spot size converter. The horizontal spot size con-
verter is configured to: receive an electromagnetic wave
signal output from an output waveguide, perform hori-
zontal spot size expansion processing on the electro-
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magnetic wave signal, and send an electromagnetic
wave signal obtained after the horizontal spot size ex-
pansion processing to the vertical spot size converter for
vertical spot size processing, so that horizontal spot size
processing and vertical spot size processing are sepa-
rately performed on the electromagnetic wave signal out-
put from the output waveguide, to generate an electro-
magnetic wave signal that matches a mode field of the
receiving waveguide. In this way, coupling efficiency of
the electromagnetic wave in different transmission media
is improved.

[0012] In a possible implementation, the horizontal
spot size converter is a tapered waveguide whose width
gradually increases in a transmission direction of the third
electromagnetic wave, and a widest part of the tapered
waveguide is connected to the vertical spot size convert-
er.

[0013] Inthis embodimentof the presentinvention, the
horizontal spot size converter is a tapered waveguide
whose width gradually increases in a transmission direc-
tion of the electromagnetic wave signal output from the
output waveguide. After entering the tapered waveguide,
the electromagnetic wave signal is correspondingly hor-
izontally widened along a tapered structure whose width
gradually increases. In addition, the widest part of the
tapered waveguide is connected to the vertical spot size
converter, so as to output the horizontally widened elec-
tromagnetic wave signal to the vertical spot size convert-
er.

[0014] In a possible implementation, the first direction
is a transmission direction of the first electromagnetic
wave signal, and the vertical spot size converter is spe-
cifically configured to gradually perform the vertical spot
size expansion processing on the received first electro-
magnetic wave signal by using the N geometric
waveguides, to generate the second electromagnetic
wave signal.

[0015] In this embodiment of the present invention,
when the geometric feature sizes of the N geometric
waveguides gradually decrease in a transmission direc-
tion of the electromagnetic wave signal obtained after
the horizontal spot size expansion processing, after the
vertical spot size converter receives the electromagnetic
wave signal obtained after the horizontal spot size
processing, the electromagnetic wave signal obtained af-
ter the horizontal spot size processing passes through
the N geometric waveguides, to gradually perform verti-
cal spot size expansion processing on the electromag-
netic wave signal, and when the electromagnetic wave
signal is incident or emergent from the N geometric
waveguides, a reflected signal of the electromagnetic
wave signal does not return along an original path. In this
way, the phenomenon that the electromagnetic wave re-
turns is reduced, and coupling efficiency of the electro-
magnetic wave in different transmission media is im-
proved.

[0016] In a possible implementation, the first electro-
magnetic wave signal is received, the first electromag-
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netic wave signal is output from a third waveguide, and
the third waveguide is one or more of an optical fiber, a
waveguide chip, an external waveguide, or a laser.
[0017] The spot size conversion apparatus in this em-
bodiment of the present invention may be applied to a
plurality of scenarios. For example, the vertical spot size
converter may receive an electromagnetic wave signal
outputfrom an optical fiber, awaveguide chip, an external
waveguide, or a laser, and perform corresponding verti-
cal spot size processing on the signal.

[0018] In a possible implementation, when the first re-
ceiver is a horizontal spot size converter, the horizontal
spot size converter is specifically configured to: receive
the second electromagnetic wave signal output from the
vertical spot size converter, and perform horizontal spot
size reduction processing on the second electromagnetic
wave signal, to output a third electromagnetic wave sig-
nal. The third electromagnetic wave signal is received by
a fourth waveguide, and the fourth waveguide is one or
more of an optical fiber, a waveguide chip, an external
waveguide, or a laser.

[0019] In this embodiment of the present invention,
based on the first aspect, after the corresponding vertical
spot size processing is performed on the electromagnetic
wave signal by using the vertical spot size converter, the
electromagnetic wave signal is transmitted to the hori-
zontal spot size converter. In this scenario, the horizontal
spot size converter may be further configured to: receive
the electromagnetic wave signal obtained after the ver-
tical spot size processing, perform horizontal spot size
reduction processing on the electromagnetic wave sig-
nal, and send an electromagnetic wave signal obtained
after the horizontal spot size reduction processing to the
receiving waveguide, so that vertical spot size processing
and horizontal spot size processing are separately per-
formed on the electromagnetic wave signal output from
the output waveguide, to generate an electromagnetic
wave signal that matches a mode field of the receiving
waveguide. In this way, coupling efficiency of the elec-
tromagnetic wave signal in different transmission media
is improved.

[0020] In a possible implementation, the horizontal
spot size converter is a tapered waveguide whose width
gradually decreases in a transmission direction of the
second electromagnetic wave, and a widest part of the
tapered waveguide is connected to the vertical spot size
converter.

[0021] Inthis embodiment of the presentinvention, the
horizontal spot size converter is a tapered waveguide
whose width gradually decreases in a transmission di-
rection of the electromagnetic wave signal obtained after
the vertical spot size processing. After the electromag-
netic wave signal enters the tapered waveguide, corre-
sponding horizontal spot size reduction is performed
along atapered structure whose width gradually decreas-
es. In addition, the widest part of the tapered waveguide
is connected to the vertical spot size converter, so as to
receive the electromagnetic wave signal that is obtained
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after the vertical processing and that is output from the
vertical spot size converter.

[0022] In a possible implementation, the first direction
is an opposite direction of a transmission direction of the
first electromagnetic wave signal, and the vertical spot
size converter is specifically configured to: gradually per-
form the vertical spot size reduction processing on the
received first electromagnetic wave signal by using the
N geometric waveguides, to generate the second elec-
tromagnetic wave signal.

[0023] In this embodiment of the present invention,
when the geometric feature sizes of the N geometric
waveguides gradually increase in a transmission direc-
tion of the electromagnetic wave signal output from the
output waveguide, after the vertical spot size converter
receives the electromagnetic wave signal output from the
output waveguide, the electromagnetic wave signal
passes through the N geometric waveguides, to gradu-
ally perform vertical spot size reduction processing on
the electromagnetic wave signal, and when the electro-
magnetic wave signal is incident or emergent from the N
geometric waveguides, a reflected signal of the electro-
magnetic wave signal does not return along an original
path. In this way, the phenomenon that the electromag-
netic wave returns is reduced, and coupling efficiency of
the electromagnetic wave in different transmission media
is improved.

[0024] Inapossibleimplementation, thicknessesofthe
horizontal spot size converter and the vertical spot size
converter are the same.

[0025] Inthis embodiment of the presentinvention, the
horizontal spot size converter may perform horizontal
spot size processing on the electromagnetic wave, the
vertical spot size converter may perform vertical spot size
processing on the electromagnetic wave, and the hori-
zontal spot size converter and the vertical spot size con-
verter have the same thickness. In this way, spot size
processing can be performed on the electromagnetic
wave, and the horizontal spot size converter and the ver-
tical spot size converter may be simultaneously manu-
factured by using a semiconductor process, to reduce
manufacturing difficulty.

[0026] According to a second aspect, an embodiment
of the present invention provides a spot size conversion
apparatus. The apparatus may include M vertical spot
size converters and M horizontal spot size converters.
Each of the M vertical spot size converters is the vertical
spot size converter according to any one of the foregoing
implementations, and each of the M horizontal spot size
converters is the horizontal spot size converter according
to any one of the foregoing implementations.

[0027] Inthis embodimentof the presentinvention, the
spot size conversion apparatus may include a plurality
of horizontal spot size converters and a plurality of vertical
spot size converters, and may simultaneously perform,
based on an actual requirement, corresponding spot size
processing on a plurality of electromagnetic wave signals
output from an output waveguide array. In this way, cou-
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pling efficiency of the electromagnetic wave in different
transmission media is improved.

[0028] According to a third aspect, an embodiment of
the present invention provides a spot size conversion
method. The method may include: A vertical spot size
converter receives a first electromagnetic wave signal,
performs vertical spot size processing on the first elec-
tromagnetic wave signal by using N geometric
waveguides, to output a second electromagnetic wave
signal, and sends the second electromagnetic wave sig-
nal to a first receiver. The vertical spot size processing
includes vertical spot size expansion processing or ver-
tical spot size reduction processing. The vertical spot size
converter includes the N geometric waveguides. A part
between any two adjacent geometric waveguides is filled
with a filling material. Each of the N geometric
waveguides includes an incident surface and an emer-
gent surface. A refractive index of the filling material is
less than refractive indices of the any two adjacent geo-
metric waveguides. Geometric feature sizes between re-
spective incident surfaces and respective emergent sur-
faces of the N geometric waveguides gradually decrease
in a first direction. An angle range of an incident angle or
an emergent angle between the first electromagnetic
wave signal and a first geometric waveguide in the N
geometric waveguides is a first range. An angle range of
an incident angle or an emergent angle between an elec-
tromagnetic wave signal output from each geometric
waveguide and a next geometric waveguide is the first
range. The first range is between 0 degrees and 180
degrees and is not 90 degrees.

[0029] In a possible implementation, when the first re-
ceiver is a first waveguide, the first waveguide is one or
more of an optical fiber, a waveguide chip, an external
waveguide, or a laser, and the method further includes:
A horizontal spot size converter receives a third electro-
magnetic wave signal output from a second waveguide,
and performs horizontal spot size expansion processing
on the third electromagnetic wave signal, to output the
first electromagnetic wave signal. The second
waveguide is one or more of an optical fiber, a waveguide
chip, an external waveguide, or a laser.

[0030] In a possible implementation, the horizontal
spot size converter is a tapered waveguide whose width
gradually increases in a transmission direction of the third
electromagnetic wave, and a widest part of the tapered
waveguide is connected to the vertical spot size convert-
er.

[0031] In a possible implementation, the first direction
is a transmission direction of the first electromagnetic
wave signal, and the method includes: The vertical spot
size converter gradually performs the vertical spot size
expansion processing on the received first electromag-
netic wave signal by using the N geometric waveguides,
to generate the second electromagnetic wave signal.
[0032] In a possible implementation, the first electro-
magnetic wave signal is received, the first electromag-
netic wave signal is output from a third waveguide, and
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the third waveguide is one or more of an optical fiber, a
waveguide chip, an external waveguide, or a laser.
[0033] In a possible implementation, when the first re-
ceiver is a horizontal spot size converter, the method
includes: The horizontal spot size converter receives the
second electromagnetic wave signal output from the ver-
tical spot size converter, and performs horizontal spot
size reduction processing on the second electromagnetic
wave signal, to output a third electromagnetic wave sig-
nal. The third electromagnetic wave signal is received by
a fourth waveguide, and the fourth waveguide is one or
more of an optical fiber, a waveguide chip, an external
waveguide, or a laser.

[0034] In a possible implementation, the horizontal
spot size converter is a tapered waveguide whose width
gradually decreases in a transmission direction of the
second electromagnetic wave, and a widest part of the
tapered waveguide is connected to the vertical spot size
converter.

[0035] In a possible implementation, the first direction
is an opposite direction of a transmission direction of the
first electromagnetic wave signal, and the method in-
cludes: The vertical spot size converter gradually per-
forms the vertical spot size reduction processing on the
received first electromagnetic wave signal by using the
N geometric waveguides, to generate the second elec-
tromagnetic wave signal.

[0036] Inapossibleimplementation, thicknessesofthe
horizontal spot size converter and the vertical spot size
converter are the same.

[0037] According to a fourth aspect, a semiconductor
chip is provided, and includes the spot size conversion
apparatus according to any one of the foregoing imple-
mentations.

[0038] According to a fifth aspect, a terminal device is
provided, and includes the spot size conversion appara-
tus according to any one of the foregoing implementa-
tions.

BRIEF DESCRIPTION OF DRAWINGS
[0039]

FIG. 1 is a schematic diagram of a non-uniform grat-
ing PLC waveguide spot size converter apparatus in
the conventional technology;

FIG. 2 is an architectural diagram of an electromag-
netic wave communication system according to an
embodiment of the present invention;

FIG. 3 is a diagram of a structure of a spot size con-
version apparatus according to an embodiment of
the present invention;

FIG. 4 is a schematic diagram of a vertical spot size
converter according to an embodiment of the present
invention;

FIG. 5 is a schematic diagram of a spot size conver-
sion scenario according to an embodiment of the
present invention;
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FIG. 6 is a diagram of mode field distribution along
an XY cross section at different locations in a Z-axis
propagation direction according to an embodiment
of the present invention;

FIG. 7 is a schematic diagram of horizontal spot size
expansion and vertical spot size expansion accord-
ing to an embodiment of the present invention;
FIG. 8 is a schematic diagram of comparison be-
tween return of an electromagnetic wave according
to an embodiment of the present invention;

FIG. 9 is a schematic diagram of another spot size
conversion scenario according to an embodiment of
the present invention; and

FIG. 10 is a diagram of a structure of another spot
size conversion apparatus according to an embodi-
ment of the present invention.

DESCRIPTION OF EMBODIMENTS

[0040] Embodiments of the present invention are de-
scribed below with reference to the accompanying draw-
ings in embodiments of the present invention.

[0041] In this specification, claims, and accompanying
drawings of this application, the terms "first", "second",
"third", "fourth", and the like are used to distinguish be-
tween different objects, and are not used to describe a
particular order. In addition, the terms "including" and
"having" and any other variants thereof are intended to
cover a non-exclusive inclusion. For example, a process,
a method, a system, a product, or a device that includes
a series of steps or units is not limited to the listed steps
or units, but optionally further includes an unlisted step
or unit, or optionally further includes another inherent
step or unit of the process, the method, the product, or
the device.

[0042] An "embodiment" in this specification means
that a specific feature, structure, or characteristic de-
scribed with reference to this embodiment may be includ-
ed in at least one embodiment of this application. The
phrase appearing at various locations in this specification
does not necessarily refer to a same embodiment, and
is not an independent or optional embodiment exclusive
from another embodiment. It is explicitly and implicitly
understood by persons skilled in the art that embodi-
ments described in this specification may be combined
with another embodiment.

[0043] The terms "component", "module”, "system",
and the like used in this specification are used to repre-
sent computer-related entities, hardware, firmware, com-
binations of hardware and software, software, or software
being executed. For example, a component may be but
is not limited to a process that runs on a processor, a
processor, an object, an executable file, an execution
thread, a program, and/or a computer. As illustrated by
usingfigures, both a computing device and an application
that runs on the computing device may be components.
One or more components may reside within a process
and/or an execution thread, and a component may be
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located on one computer and/or distributed between two
or more computers. In addition, these components may
be executed from various computer-readable media that
store various data structures. For example, the compo-
nents may communicate by using a local and/or remote
process based on a signal having one or more data pack-
ets (for example, data from two components interacting
with another component in a local system, a distributed
system, and/or across a network such as the Internet
interacting with another system by using the signal).
[0044] Some terms in this application are first de-
scribed, to facilitate understanding by persons skilled in
the art.

(1) Planar lightwave circuit (Planar Lightwave Cir-
cuit, PLC): The planar lightwave circuit is an optical
waveguide located on a plane. A most common PLC
splitter is made of silicon dioxide (SiO,). Actually, a
PLC technology involves a wide range of materials,
for example, glass/silicon dioxide (Quartz/Sili-
ca/SiO,), lithium niobate (LiNbO3), llI-V semicon-
ductor compounds (for example, InP and GaAs), sil-
icon-on-insulator  (Silicon-on-Insulator, SOI/SI-
MOX), silicon nitride, silicon oxynitride (SiON), and
macromolecular polymer (Polymer).

(2) Spot size converter (Spot Size Converter, SSC):
The spot size converter is an optical device that con-
nects two optical waveguides of different sizes and
that performs mode field conversion. Existing fiber-
waveguide couplers mainly include a grating cou-
pler, a prism coupler, and a three-dimensional
wedge converter.

(3) Laser diode (LD, Laser Diode): The laser diode
includes a single heterojunction (SH) laser diode, a
double heterojunction (DH) laser diode, and a quan-
tum well (QW) laser diode. The quantum well laser
diode has advantages of a low threshold current and
high output power. Compared with a laser, the laser
diode has advantages of higher efficiency, a smaller
size, and a longer service life; but the laser diode
has lower output power (which is usually less than
2 mW), poorer linearity, and poorer monochromatic-
ity.

(4) Transverse electric (Transverse Electric, TE)
wave: The transverse electric wave is an electro-
magnetic wave that has no electric field component
but has a magnetic field component in a propagation
direction of the electromagnetic wave, and is briefly
referred to as a TE wave. When a vertically polarized
wave is obliquely incident on a surface of an ideal
conductor, a synthesized wave is a transverse elec-
tric wave.

(5) Transverse magnetic (Transverse Magnetic, TM)
wave: The transverse magnetic wave is an electro-
magnetic wave that has no magnetic field compo-
nentin a propagation direction of the electromagnet-
ic wave or that has a magnetic field whose vibration
direction is perpendicular to a propagation direction
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of the wave and has an electric field component, and
is briefly referred to as a TM wave. When a parallel
polarized wave is obliquely incident on a surface of
an ideal conductor, a synthesized wave is a trans-
verse magnetic wave. The transverse magnetic
wave (TM wave) is one of guided electromagnetic
waves, and corresponds to a transverse electric
wave (TE wave).

(6) Thermally expanded core (TEC) fiber jumper:
When being coupled in free space, the thermally ex-
panded core fiber jumper is not as sensitive to posi-
tion offset as a single-mode optical fiber. In a fiber
splicing technology, one end of a conventional sin-
gle-mode optical fiber is heated to expand a fiber
core longer than 2.5 mm, so as to manufacture such
an optical fiber. In an application of coupling in the
free space, the end of the optical fiber processed in
this manner can receive a light beam with a large
mode field diameter, and can maintain single-mode
and optical performance of the optical fiber. The TEC
fiber is often used to construct a fiber-based optical
isolator, a tunable wavelength filter, and a variable
optical attenuator.

[0045] FIG. 1 is a schematic diagram of a non-uniform
grating PLC waveguide spot size converter apparatus in
the conventional technology. As shown in FIG. 1, the
non-uniform grating PLC waveguide spot size converter
apparatus includes a tapered waveguide structure
whose width gradually increases and a cuboid non-uni-
form grating array structure whose width gradually de-
creases. Based on a low refractive index difference of
the non-uniform grating PLC waveguide spot size con-
version apparatus, a spot size conversion process of the
non-uniform grating PLC waveguide spot size converter
apparatus is as follows:

1. An electromagnetic wave signal enters the ta-
pered waveguide structure from an output
waveguide. When the electromagnetic wave signal
enters the tapered waveguide structure, the electro-
magnetic wave signal is horizontally widened in a
direction in which the width of the tapered waveguide
structure gradually increases. It may be clearly
learned from a mode field distribution diagram of the
electromagnetic wave signal that the electromagnet-
ic wave signal is horizontally widened.

2. The electromagnetic wave signal enters the non-
uniform grating array structure from the tapered
waveguide. As shown in FIG. 1, the non-uniform
grating array in FIG. 1 includes a plurality of cuboid
gratings whose widths gradually decrease and
whose lengths and heights remain unchanged, and
a part between cuboid gratings is correspondingly
filled with a low-refractive-index filling material. After
being horizontally widened, the electromagnetic
wave signal enters the non-uniform grating array
from the tapered waveguide. As shown in the figure,
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the electromagnetic wave signal first enters the low-
refractive-index filling material, and then enters the
cuboid grating. It should be noted that the electro-
magneticwave is widened in the low-refractive-index
filling material, and is bound in the cuboid grating.
As the widths of the cuboid gratingsgradually de-
crease, binding of the cuboid grating on the electro-
magnetic wave is weakened, and the electromag-
netic wave signal is correspondingly widened in a
vertical direction perpendicular to a plane of the non-
uniform grating array. It may be learned from a mode
field distribution diagram of the electromagnetic
wave signal that the electromagnetic wave is verti-
cally widened.

3. The electromagnetic wave signals enter a receiv-
ing waveguide. Compared with a mode field distri-
bution diagram of the electromagnetic wave signal
output from the output waveguide, the electromag-
netic wave signal that enters the spot size converter
is horizontally and vertically widened. Itis concluded
thatthe spot size converter apparatus canimplement
spot size conversion of the electromagnetic wave in
two directions.

[0046] Disadvantages of the non-uniform grating PLC
waveguide spot size converter apparatus are as follows:
In a process in which the electromagnetic wave signal
passes through the non-uniform grating array, each time
the electromagnetic wave signal passes through a grat-
ing, a part of the electromagnetic wave signal is reflected
back to an incident waveguide, and interference occurs
between reflected electromagnetic wave signals; and
consequently an obvious phenomenon that the electro-
magnetic wave returns is caused. Return of the electro-
magnetic wave may cause crosstalk to a signal transmit-
ted in a waveguide chip, and needs to be avoided as
much as possible, especially for a signal transceiver chip.
[0047] Inconclusion, according to an existing spot size
conversion apparatus, when an electromagnetic wave is
propagated in the spot size conversion apparatus, there
is a phenomenon that the electromagnetic wave returns;
and consequently strong interference is caused to the
electromagnetic wave signal in a transmission process,
and coupling efficiency of transmitting the electromag-
netic wave signal between different waveguides is re-
duced. Therefore, this application provides a spot size
conversion apparatus to resolve the foregoing technical
problems.

[0048] Basedon the foregoing description, an commu-
nication system on which an embodiment of the present
invention is based is first described below. FIG. 2 is an
architectural diagram of an communication system ac-
cording to an embodiment of the present invention. The
communication system may include an output
waveguide 201, a spot size converter 202, and a receiv-
ing waveguide 203. The output waveguide 201 may be
used as an output end of an electromagnetic wave signal.
When the output waveguide 201 is used as an output
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end of an electromagnetic wave signal, the receiving
waveguide 203 may be used as an input end of the elec-
tromagnetic wave signal. This is not specifically limited
in this application.

[0049] Theoutputwaveguide 201 may be any structure
used to transmit an electromagnetic wave signal, for ex-
ample, a PLC waveguide chip, an optical fiber, a laser,
a parallel slab waveguide, a rectangular waveguide, or
a coaxial cable. In optical communication, a waveguide
is a structure used to directionally guide an electromag-
netic wave signal, so that the electromagnetic wave sig-
nal can be transmitted between endpoints of the
waveguide. From a perspective of propagation of the
electromagnetic wave signal, the waveguide may be di-
vided into an internal region and an external region, and
the electromagnetic wave signal is limited to be propa-
gated in the internal region with a high refractive index.
For example, when the output waveguide 201 is a PLC
waveguide chip, the electromagnetic wave signal may
be transmitted in the waveguide chip, and may be trans-
mitted to the receiving waveguide 203.

[0050] In this application, the spot size converter 202
is an optical device that connects the output waveguide
201 and the receiving waveguide 203 of different sizes
and that performs mode field conversion. Common spot
size converters include a grating coupler, a prism cou-
pler, a three-dimensional wedge converter, and the like.
For example, when the output waveguide 201 is a PLC
waveguide chip, and the receiving waveguide 203 is an
optical fiber, the two waveguides differ in size. In this
case, if the electromagnetic wave signal is directly input
from the PLC waveguide chip to the optical fiber, a high
loss of the electromagnetic wave signal is generated at
an interface, and there is coupling between the two
waveguides due to a mode field mismatch. Therefore,
the spot size converter 202 may be inserted between the
PLC waveguide chip and the optical fiber, to effectively
reduce a connection loss and a coupling loss caused due
to the mode field mismatch. It should be noted that a
specific structure of the spot size converter 202 in the
communication system may be a spot size conversion
apparatus 30 in FIG. 3 or a spot size conversion appa-
ratus 100 in FIG. 10.

[0051] Thereceivingwaveguide 203 may be any struc-
ture used to transmit an electromagnetic wave, for ex-
ample, a PLC chip, an optical fiber, a laser, a parallel
slab waveguide, a rectangular waveguide, or a coaxial
cable. For example, when the receiving waveguide 203
is an optical fiber, and the output waveguide 201 isa PLC
waveguide chip, after being output from the PLC
waveguide chip, the electromagnetic wave signal enters
the spot size converter and then enters the optical fiber.
In this case, the spot size converter is inserted between
the PLC waveguide chip and the optical fiber, and there-
fore the connection loss and the coupling loss caused
due to the mode field mismatch can be reduced, and then
the electromagnetic wave signal enters the optical fiber
for transmission.
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[0052] It may be understood that the architecture of
the communication systemin FIG. 2 is merely an example
implementation in this embodiment of the present inven-
tion, and the communication system in this embodiment
of the present invention includes but is not limited to the
foregoing communication system. It should be noted that
the spot size converter 202 may be integrated into an
optical communication device such as a waveguide chip,
an optical fiber, or a single-port optical transceiver. For
example, the spot size converter 202 is integrated into
an optical fiber. When an electromagnetic wave signal is
transmitted between alaserand the optical fiber, the laser
is the output waveguide 201, the optical fiber is the re-
ceiving waveguide 203, and the spot size converter 202
in the optical fiber may process the electromagnetic wave
signal, so that the electromagnetic wave signal can be
better coupled to the optical fiber. For another example,
the spot size converter 202 may be integrated into a sin-
gle-port optical transceiver (which is also referred to as
an optical modem). When an electromagnetic wave sig-
nal is transmitted between two optical fibers, the optical
modem is configured to connect the two different optical
fibers. In this case, an output optical fiber that inputs the
electromagnetic wave signal to the optical modem is
used as the output waveguide 201, a receiving optical
fiber that receives the electromagnetic wave signal out-
put from the optical modem is used as the receiving
waveguide 203, and the spot size converter 202 in the
optical modem may process the electromagnetic wave
signal, so that the electromagnetic wave signal can be
better coupled from the output optical fiber to the receiv-
ing optical fiber.

[0053] Based on the foregoing electromagnetic wave
communication system and with reference to an embod-
iment of the spot size conversion apparatus provided in
this application, the technical problem provided in this
application is specifically analyzed and resolved below.
[0054] FIG. 3 is a diagram of a structure of a spot size
conversion apparatus according to an embodiment of the
present invention. As shown in FIG. 3, the spot size con-
version apparatus 30 includes a vertical spot size con-
verter 301, and optionally, may further include a horizon-
tal spot size converter 302.

[0055] The vertical spot size converter 301 includes N
geometric waveguides. A part between any two adjacent
geometric waveguides is filled with a filling material. Each
of the N geometric waveguides includes an incident sur-
face and an emergent surface. A refractive index of the
filing material is less than refractive indices of the any
two adjacent geometric waveguides. Geometric feature
sizes between respective incident surfaces and respec-
tive emergent surfaces of the N geometric waveguides
gradually decrease in a first direction. The vertical spot
size converter 301 is configured to: receive a first elec-
tromagnetic wave signal, perform vertical spot size
processing on the first electromagnetic wave signal by
using the N geometric waveguides, to output a second
electromagnetic wave signal, and send the second elec-
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tromagnetic wave signal to a first receiver. The vertical
spot size processing includes vertical spot size expan-
sion processing or vertical spot size reduction process-
ing. An angle range of an incident angle or an emergent
angle between the first electromagnetic wave signal and
a first geometric waveguide in the N geometric
waveguides is a firstrange. An angle range of an incident
angle or an emergent angle between an electromagnetic
wave signal output from each geometric waveguide and
a next geometric waveguide is the first range. The first
range is between 0 degrees and 180 degrees and is not
90 degrees.

[0056] Itshould be noted that shapes of cross-sections
of the N geometric waveguides may be uniformly geo-
metric shapes such as trapezoids, diamonds, circles, or
triangles other than rectangles. Optionally, the cross-
sections of the N geometric waveguides may differ in
shape, but the cross-section of each of the N geometric
waveguides is in a geometric shape such as a trapezoid,
a diamond, a circle, or a triangle other than a rectangle.
For example, FIG. 4 is a schematic diagram of a vertical
spot size converter according to an embodiment of the
present invention. Three designs of the shapes of the
cross-sections of the N geometric waveguides in the ver-
tical spot size converters 301 are shown in the figure. In
a first case, the shapes of the cross-sections of the N
geometric waveguides are uniformly trapezoids, and ge-
ometric feature sizes of the trapezoids gradually de-
crease in the first direction. In a second case, the shapes
of the cross-sections of the N geometric waveguides are
uniformly triangles, and geometric feature sizes of the
triangles gradually decrease in the first direction. In a
third case, the shapes of the cross-sections of the N ge-
ometric waveguides include a trapezoid, a circle, and a
triangle, and geometric feature sizes of the cross sections
of the geometric waveguides in the shapes gradually de-
crease in the first direction. In addition, all the geometric
waveguides have a same thickness in the three cases.
It should be noted that in the third case in FIG. 4, cross-
sectional areas of the geometric waveguides in the first
direction gradually decrease. For example, an area of a
first trapezoid is greater than an area of a second circle,
and thicknesses of the first trapezoidal waveguide and
the second circular waveguide are the same.

[0057] In this embodiment of the present invention,
based on a structure of a spot size conversion apparatus
in the conventional technology, structures of a plurality
of geometric waveguides included in a vertical spot size
converter 301 in the spot size conversion apparatus are
improved, so that an incident angle or an emergentangle
between an electromagnetic wave signal and any geo-
metric waveguide is not equal to 90 degrees, to imple-
ment corresponding spot size processing on the input
electromagnetic wave signal and reduce crosstalk of the
electromagnetic wave signal. Specifically, the conven-
tional vertical spot size converter includes a non-uniform
grating array, and in a process in which the electromag-
netic wave signal passes through the non-uniform grating
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array, both an incident angle and an emergent angle of
the electromagnetic wave signal are 90 degrees. There-
fore, each time the electromagnetic wave signal passes
through a grating, a part of the electromagnetic wave
returns to an incident waveguide, there is crosstalk of the
electromagnetic wave signal, and an obvious phenome-
non that the electromagnetic wave returns is caused.
Consequently, coupling efficiency of transmitting the
electromagnetic wave signal between transmission me-
dia of different sizes is affected. However, in this embod-
iment of the present invention, the spot size conversion
apparatus 30 includes the vertical spot size converter
301 including the N geometric waveguides, the part be-
tween the any two of the N geometric waveguides is filled
with the filling material, the refractive index of the filling
material is less than the refractive indices of the any two
adjacent geometric waveguides, and geometric structure
sizes of the N geometric waveguides gradually decrease
in a same direction. Therefore, in a process in which an
electromagnetic wave signal passes through the N geo-
metric waveguides of the foregoing structure, vertical
spot size processing can be performed based on an ac-
tual requirement, to generate an electromagnetic wave
signal that matches a receiving waveguide. In addition,
the incident surface or the emergent surface of each of
the N geometric waveguides is inclined with respectto a
vertical tangent plane (a tangent plane in a direction per-
pendicular to a transmission direction of the electromag-
netic wave signal) (that is, an incident angle or an emer-
gentangle between the electromagnetic wave signal and
any geometric waveguide is between 0 degrees and 180
degrees and is not 90 degrees). Therefore, when the
electromagnetic wave signal is incident or emergent from
the N geometric waveguides, a reflected signal of the
electromagnetic wave signal does not return along an
original path. In this way, a phenomenon that the elec-
tromagnetic wave returns is reduced, and accordingly
transmission of the original electromagnetic wave signal
is notinterfered with. In conclusion, according to the spot
size conversion apparatus provided in this embodiment
of the present invention, spot size processing can be ef-
fectively performed on the electromagnetic wave signal,
and the phenomenon that the electromagnetic wave sig-
nal returns can be reduced. In this way, coupling efficien-
cy of the electromagnetic wave in different transmission
media is improved.

[0058] In a possible implementation, when the first re-
ceiver is a first waveguide, the first waveguide is one or
more of an optical fiber, a waveguide chip, an external
waveguide, or alaser, and the apparatus further includes
the horizontal spot size converter 302, configured to: re-
ceive a third electromagnetic wave signal output from a
second waveguide, and perform horizontal spot size ex-
pansion processing on the third electromagnetic wave
signal, to output the first electromagnetic wave signal.
The second waveguide is one or more of an optical fiber,
a waveguide chip, an external waveguide, or a laser.
[0059] For example, FIG. 5 is a schematic diagram of
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a spot size conversion scenario according to an embod-
iment of the present invention. In the figure, a PLC
waveguide chip and an optical fiber differ in size, and
therefore an electromagnetic wave signal cannot be di-
rectly input to the optical fiber from the PLC waveguide
chip, and the spot size conversion apparatus provided in
this embodiment of the present invention needs to be
inserted between the two electromagnetic wave trans-
mission media, to resolve a problem of spot size conver-
sion of the electromagnetic wave signal, so that the elec-
tromagnetic wave signal can be better coupled to the
optical fiber after being output from the PLC waveguide
chip. In the figure, the PLC waveguide chip is the second
waveguide (output waveguide 201), the optical fiber is
the first waveguide (receiving waveguide 203), a signal
output from the PLC waveguide chip is the third electro-
magnetic wave signal, a signal output from the horizontal
spot size converter 302 is the first electromagnetic wave
signal, and a signal output from the vertical spot size
converter 301 is the second electromagnetic wave signal.
After being output from the PLC waveguide chip, the elec-
tromagnetic wave signal enters the horizontal spot size
converter 302 for horizontal spot size expansion process-
ing, and then enters the vertical spot size converter 301
for vertical spot size processing. The incident surface
and the emergent surface of each of the N trapezoidal
waveguides are inclined with respect to a vertical tangent
plane (a tangent plane in a direction perpendicular to a
transmission direction of the electromagnetic wave sig-
nal) (that is, an incident angle and an emergent angle
between the electromagnetic wave signal and any trap-
ezoidal waveguide are between 0 degrees and 180 de-
grees and are not 90 degrees). Therefore, when the elec-
tromagnetic wave signal is incident or emergent from the
N trapezoidal waveguides, a reflected signal of the elec-
tromagnetic wave signal does not return along an original
path. Inthis way, aphenomenon that the electromagnetic
wave returns is reduced, and accordingly transmission
of the original electromagnetic wave signal is not inter-
fered with, and coupling efficiency of the electromagnetic
wave in different transmission media is improved.

[0060] Therefore, based on the foregoing description,
after the corresponding vertical spot size processing is
performed on the electromagnetic wave signal by using
the vertical spot size converter 301, the electromagnetic
wave signal is transmitted to the receiving waveguide. In
this scenario, the spot size converter in this application
may further include the horizontal spot size converter
302. The horizontal spot size converter 302 is configured
to: receive an electromagnetic wave signal output from
an output waveguide, perform horizontal spot size ex-
pansion processing on the electromagnetic wave signal,
and send an electromagnetic wave signal obtained after
the horizontal spot size expansion processing to the ver-
tical spotsize converter 301 for vertical spot size process-
ing, so that horizontal spot size processing and vertical
spot size processing are separately performed on the
electromagnetic wave signal output from the output
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waveguide, to generate an electromagnetic wave signal
that matches a mode field of the receiving waveguide. In
this way, coupling efficiency of the electromagnetic wave
in different transmission media is improved.

[0061] In a possible implementation, the horizontal
spot size converter 302 is a tapered waveguide whose
width gradually increases in a transmission direction of
the third electromagnetic wave, and a widest part of the
tapered waveguide is connected to the vertical spot size
converter 301.

[0062] Forexample, as shownin FIG. 5, the horizontal
spot size converter 302 in the figure is a tapered
waveguide whose width gradually increases in the trans-
mission direction of the third electromagnetic wave sig-
nal, and a widest part of the tapered waveguide is con-
nected to the vertical spot size converter 301. The third
electromagnetic wave signal is horizontally widened
along the tapered waveguide in the tapered waveguide,
and then the electromagnetic wave signal enters the ver-
tical spot size converter 301.

[0063] Therefore, the horizontal spot size converter
302 is a tapered waveguide whose width gradually in-
creases in a transmission direction of the electromagnet-
ic wave signal output from the output waveguide. After
entering the tapered waveguide, the electromagnetic
wave signal is correspondingly horizontally widened
along a tapered structure whose width gradually increas-
es. In addition, the widest part of the tapered waveguide
is connected to the vertical spot size converter 301, so
as to output the horizontally widened electromagnetic
wave signal to the vertical spot size converter 301.
[0064] In a possible implementation, the first direction
is a transmission direction of the first electromagnetic
wave signal, and the vertical spot size converter 301 is
specifically configured to gradually perform the vertical
spot size expansion processing on the received first elec-
tromagnetic wave signal by using the N geometric
waveguides, to generate the second electromagnetic
wave signal.

[0065] For example, FIG. 6 is a diagram of mode field
distribution along an XY cross section at different loca-
tions in a Z-axis propagation direction according to an
embodiment of the present invention. In the figure, an
electromagnetic wave signal is transmitted in the Z-axis
direction, and the electromagnetic wave signal first pass-
es through the horizontal spot size converter 302, and
then passes through the vertical spot size converter 301.
The horizontal spot size converter 302 in the figure is a
tapered waveguide whose width gradually increases,
and the vertical spot size converter 301 includes N trap-
ezoidal waveguides. In FIG. 6, mode field distribution at
three locations, namely, an incident end 1, a middle part
2, and an emergent end 3, of the spot size converter is
separately captured. It may be observed in the figure that
a mode field at the middle part 2 is horizontally widened
with respect to that at the incident end 1, and a mode
field at the emergent end 3 is vertically widened with re-
spect to that at the middle part 2. Specifically, FIG. 7 is
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a schematic diagram of horizontal spot size expansion
and vertical spot size expansion according to an embod-
iment of the present invention. In the figure, horizontal
mode field distribution from the incident end 1 to the mid-
dle part 2 and vertical mode field distribution from the
middle part 2 to the emergent end 3 are shown. It may
be observed from FIG. 7 that in a propagation direction
of the electromagnetic wave signal, there is horizontal
spot size expansion in a region from the incident end 1
to the middle part 2, and there is vertical spot size ex-
pansion from the middle part 2 to the emergent end 3.
Therefore, horizontal spot size expansion and vertical
spot size expansion are finally implemented in a region
from the incident end 1 to the emergent end 3.

[0066] It should be noted that FIG. 8 is a schematic
diagram of comparison between return of an electromag-
netic wave according to an embodiment of the present
invention. Electromagnetic wave return curves ofthe spot
size conversion apparatus 30 provided in this embodi-
ment ofthe presentinvention and an existing non-uniform
grating spot size conversion apparatus are shown in the
figure. In the, T-TEATM represents return of a provided
transverse electric (T TE)/transverse magnetic (TM) po-
larized electromagnetic wave signal in a process of prop-
agation in the spot size conversion apparatus 30 in this
application, and in the figure, G-TE/TM represents return
of the TE/TM polarized electromagnetic wave in a proc-
ess of propagation in the existing non-uniform grating
spot size conversion apparatus. It may be clearly found,
through comparison between the return curves, that in
comparison with a case in which the existing non-uniform
grating spot size converter is used, there is a significant
decrease in the return when the spot size converter
apparatus30 provided in this embodiment of the present
invention is used. Therefore, it may be learned that the
spot size conversion apparatus 30 provided in the
present invention has a low return characteristic.
[0067] Therefore, when the geometric feature sizes of
the N geometric waveguides gradually decrease in a
transmission direction of the electromagnetic wave sig-
nal obtained after the horizontal spot size expansion
processing, after the vertical spot size converter 301 re-
ceives the electromagnetic wave signal obtained after
the horizontal spot size processing, the electromagnetic
wave signal obtained after the horizontal spot size
processing passes through the N geometric waveguides,
to gradually perform vertical spot size expansion
processing on the electromagnetic wave signal, and
when the electromagnetic wave signal is incident or
emergent from the N geometric waveguides, a reflected
signal of the electromagnetic wave signal does not return
along an original path. In this way, the phenomenon that
the electromagnetic wave returns is reduced, and cou-
pling efficiency of the electromagnetic wave in different
transmission media is improved.

[0068] In a possible implementation, the first electro-
magnetic wave signal is received, the first electromag-
netic wave signal is output from a third waveguide, and
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the third waveguide is one or more of an optical fiber, a
waveguide chip, an external waveguide, or a laser. Spe-
cifically, the spot size conversion apparatus 30 in this
embodiment of the present invention may be applied to
a plurality of scenarios. For example, the vertical spot
size converter 301 may receive an electromagnetic wave
signal output from an optical fiber, a waveguide chip, an
external waveguide, or a laser, and perform correspond-
ing vertical spot size processing on the signal.

[0069] In a possible implementation, when the first re-
ceiver is the horizontal spot size converter 302, the hor-
izontal spot size converter 302 is specifically configured
to: receive the second electromagnetic wave signal out-
put from the vertical spot size converter 301, and perform
horizontal spot size reduction processing on the second
electromagnetic wave signal, to output a third electro-
magnetic wave signal. The third electromagnetic wave
signal is received by a fourth waveguide, and the fourth
waveguide is one or more of an optical fiber, a waveguide
chip, an external waveguide, or a laser.

[0070] For example, FIG. 9 is a schematic diagram of
another spot size conversion scenario according to an
embodiment of the present invention. In the figure, an
optical fiber 1 and a PLC waveguide chip differ in size,
and therefore an electromagnetic wave signal cannot be
directly input to the PLC waveguide chip from the optical
fiber 1, and the spot size conversion apparatus 30 pro-
vided in this embodiment of the present invention needs
to be inserted between the two electromagnetic wave
transmission media, to resolve a problem of spot size
conversion of the electromagnetic wave signal, so that
the electromagnetic wave signal can be better coupled
to the PLC waveguide chip after being output from the
optical fiber 1. In the figure, the optical fiber 1 is the third
waveguide (output waveguide 201), the PLC waveguide
chip is the fourth waveguide (receiving waveguide 203),
a signal output from the optical fiber 1 is the first electro-
magnetic wave signal, a signal output from the vertical
spot size converter is the second electromagnetic wave
signal, and a signal output from the horizontal spot size
converter is the third electromagnetic wave signal. After
being output from the optical fiber 1, the electromagnetic
wave signal enters the vertical spot size converter for
vertical spot size processing, and then enters the hori-
zontal spot size converter for horizontal spot size reduc-
tion processing.

[0071] Therefore, based on the foregoing description,
after the corresponding vertical spot size processing is
performed on the electromagnetic wave signal by using
the vertical spot size converter 301, the electromagnetic
wave signal is transmitted to the horizontal spot size con-
verter 302. In this scenario, the horizontal spot size con-
verter 302 may be further configured to: receive the elec-
tromagnetic wave signal obtained after the vertical spot
size processing, perform horizontal spot size reduction
processing on the electromagnetic wave signal, and send
an electromagnetic wave signal obtained after the hori-
zontal spot size reduction processing to the receiving
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waveguide 203, so that vertical spot size processing and
horizontal spot size processing are separately performed
on the electromagnetic wave signal output from the out-
putwaveguide 201, to generate an electromagneticwave
signal that matches a mode field of the receiving
waveguide. In this way, coupling efficiency of the elec-
tromagnetic wave in different transmission media is im-
proved.

[0072] In a possible implementation, the horizontal
spot size converter 302 is a tapered waveguide whose
width gradually decreases in a transmission direction of
the second electromagnetic wave, and a widest part of
the tapered waveguide is connected to the vertical spot
size converter 301.

[0073] Forexample, as shown in FIG. 9, the horizontal
spot size converter 302 in the figure is a tapered
waveguide whose width gradually decreases in the trans-
mission direction of the second electromagnetic wave
signal, and a widest part of the tapered waveguide is
connected to the vertical spot size converter 301. Hori-
zontal spot size reduction is performed on the second
electromagnetic wave signal along the tapered
waveguide in the tapered waveguide, and then the elec-
tromagnetic wave signal enters the PLC waveguide chip.
[0074] Therefore, the horizontal spot size converter
302 may be a tapered waveguide whose width gradually
decreases in a transmission direction of the electromag-
netic wave signal obtained after the vertical spot size
processing. After the electromagnetic wave signal enters
the tapered waveguide, corresponding horizontal spot
size reduction is performed along a tapered structure
whose width gradually decreases. In addition, the widest
part of the tapered waveguide is connected to the vertical
spot size converter 301, so as to receive the electromag-
netic wave signal that is obtained after the vertical
processing and that is output from the vertical spot size
converter 301.

[0075] In a possible implementation, the first direction
is an opposite direction of a transmission direction of the
first electromagnetic wave signal, and the vertical spot
size converter 301 is specifically configured to: gradually
perform the vertical spot size reduction processing on
the received first electromagnetic wave signal by using
the N geometric waveguides, to generate the second
electromagnetic wave signal.

[0076] For example, as shown in FIG. 9, after being
output from the optical fiber 1, the electromagnetic wave
signalfirst enters a trapezoidal waveguide with a smallest
geometric feature size in the vertical spot size converter
301, and then passes through geometric waveguides
whose geometric sizes gradually increase for vertical
spot size reduction processing. The incident surface and
the emergent surface of each of the N trapezoidal
waveguides are inclined with respect to a vertical tangent
plane (a tangent plane in a direction perpendicular to a
transmission direction of the electromagnetic wave sig-
nal) (that is, an incident angle and an emergent angle
between the electromagnetic wave signal and any trap-
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ezoidal waveguide are between 0 degrees and 180 de-
grees and are not 90 degrees). Therefore, when the elec-
tromagnetic wave signal is incident or emergent from the
N trapezoidal waveguides, a reflected signal of the elec-
tromagnetic wave signal does not return along an original
path. In this way, a phenomenon that the electromagnetic
wave returns is reduced, and accordingly transmission
of the original electromagnetic wave signal is not inter-
fered with, and coupling efficiency of the electromagnetic
wave in different transmission media is improved.
[0077] Therefore, when the geometric feature sizes of
the N geometric waveguides gradually increase in a
transmission direction of the electromagnetic wave sig-
nal output from the output waveguide, after the vertical
spot size converter 301 receives the electromagnetic
wave signal output from the output waveguide 201, the
electromagnetic wave signal passes through the N geo-
metric waveguides, to gradually perform vertical spotsize
reduction processing on the electromagnetic wave sig-
nal, and when the electromagnetic wave signal is incident
or emergent from the N geometric waveguides, a reflect-
ed signal of the electromagnetic wave signal does not
return along an original path. In this way, the phenome-
non that the electromagnetic wave returns is reduced,
and coupling efficiency of the electromagnetic wave in
different transmission media is improved.

[0078] Inapossibleimplementation, thicknessesofthe
horizontal spot size converter 302 and the vertical spot
size converter 301 are the same. Specifically, the hori-
zontal spot size converter 302 may perform horizontal
spot size processing on the electromagnetic wave, the
vertical spot size converter 301 may perform vertical spot
size processing on the electromagnetic wave, and the
horizontal spot size converter 302 and the vertical spot
size converter 301 have the same thickness. In this way,
the spot size conversion apparatus 30 provided in this
embodiment of the present invention can perform spot
size processing on the electromagnetic wave signal, and
the horizontal spot size converter 302 and the vertical
spot size converter 301 may be simultaneously manu-
factured by using a semiconductor process, to reduce
manufacturing difficulty.

[0079] FIG. 10 is a diagram of a structure of another
spot size conversion apparatus according to an embod-
iment of the present invention. As shown in FIG. 10, the
spot size conversion apparatus 100 includes M vertical
spot size converters 1001, and optionally, may further
include M horizontal spot size converters 1002.

[0080] Eachofthe M vertical spotsize converters 1001
is the vertical spot size converter 301 according to any
one of the foregoing implementations, and each of the
M horizontal spot size converters 1002 is the horizontal
spot size converter 302 according to any one of the fore-
going implementations. Specifically, the spot size con-
version apparatus 100 may include a plurality of horizon-
tal spot size converters 302 and a plurality of vertical spot
size converters 301, and may simultaneously perform,
based on an actual requirement, corresponding spot size



23 EP 4 231 067 A1 24

processing on a plurality of electromagnetic wave signals
output from an output waveguide array. In this way, cou-
pling efficiency of the electromagnetic wave in different
transmission media is improved. For example, as shown
in FIG. 10, in the figure, when M is equal to 4, the output
waveguide array includes four output waveguides, a re-
ceiving waveguide array includes four receiving
waveguides, and each output waveguide and each re-
ceiving waveguide are connected by using a structure of
a combination of the horizontal spot size converter and
the vertical spot size converter provided in this embodi-
ment of the present invention, so that the spot size con-
version apparatus can simultaneously perform corre-
sponding spot size processing on four electromagnetic
wave signals output from the output waveguide array. In
this way, coupling efficiency of the electromagnetic wave
in different transmission media is improved.

[0081] The apparatus in embodiments of the present
invention is described above in detail. A related method
in embodiments of the present invention is provided be-
low.

[0082] An embodiment of the present invention pro-
vides a spot size conversion method. The method may
include: A vertical spot size converterreceives afirstelec-
tromagnetic wave signal, performs vertical spot size
processing on the first electromagnetic wave signal by
using N geometric waveguides, to output a second elec-
tromagnetic wave signal, and sends the second electro-
magnetic wave signal to a first receiver. The vertical spot
size processing includes vertical spot size expansion
processing or vertical spot size reduction processing.
The vertical spot size converter includes the N geometric
waveguides. A part between any two adjacent geometric
waveguides is filled with a filling material. Each of the N
geometric waveguides includes an incident surface and
an emergent surface. A refractive index of the filling ma-
terialis less than refractive indices of the any two adjacent
geometric waveguides. Geometric feature sizes between
respective incident surfaces and respective emergent
surfaces of the N geometric waveguides gradually de-
crease in a first direction. An angle range of an incident
angle or an emergentangle between the first electromag-
netic wave signal and a first geometric waveguide in the
N geometric waveguides is a first range. An angle range
of an incident angle or an emergent angle between an
electromagnetic wave signal output from each geometric
waveguide and a next geometric waveguide is the first
range. The first range is between 0 degrees and 180
degrees and is not 90 degrees.

[0083] In a possible implementation, when the first re-
ceiver is a first waveguide, the first waveguide is one or
more of an optical fiber, a waveguide chip, an external
waveguide, or a laser, and the method further includes:
A horizontal spot size converter receives a third electro-
magnetic wave signal output from a second waveguide,
and performs horizontal spot size expansion processing
on the third electromagnetic wave signal, to output the
first electromagnetic wave signal. The second

10

15

20

25

30

35

40

45

50

55

13

waveguide is one or more of an optical fiber, a waveguide
chip, an external waveguide, or a laser.

[0084] In a possible implementation, the horizontal
spot size converter is a tapered waveguide whose width
gradually increases in a transmission direction of the third
electromagnetic wave, and a widest part of the tapered
waveguide is connected to the vertical spot size convert-
er.

[0085] In a possible implementation, the first direction
is a transmission direction of the first electromagnetic
wave signal, and the method includes: The vertical spot
size converter gradually performs the vertical spot size
expansion processing on the received first electromag-
netic wave signal by using the N geometric waveguides,
to generate the second electromagnetic wave signal.
[0086] In a possible implementation, the first electro-
magnetic wave signal is received, the first electromag-
netic wave signal is output from a third waveguide, and
the third waveguide is one or more of an optical fiber, a
waveguide chip, an external waveguide, or a laser.
[0087] In a possible implementation, when the first re-
ceiver is a horizontal spot size converter, the method
includes: The horizontal spot size converter receives the
second electromagnetic wave signal output from the ver-
tical spot size converter, and performs horizontal spot
size reduction processing on the second electromagnetic
wave signal, to output a third electromagnetic wave sig-
nal. The third electromagnetic wave signal is received by
a fourth waveguide, and the fourth waveguide is one or
more of an optical fiber, a waveguide chip, an external
waveguide, or a laser.

[0088] In a possible implementation, the horizontal
spot size converter is a tapered waveguide whose width
gradually decreases in a transmission direction of the
second electromagnetic wave, and a widest part of the
tapered waveguide is connected to the vertical spot size
converter.

[0089] In a possible implementation, the first direction
is an opposite direction of a transmission direction of the
first electromagnetic wave signal, and the method in-
cludes: The vertical spot size converter gradually per-
forms the vertical spot size reduction processing on the
received first electromagnetic wave signal by using the
N geometric waveguides, to generate the second elec-
tromagnetic wave signal.

[0090] Inapossibleimplementation, thicknessesofthe
horizontal spot size converter and the vertical spot size
converter are the same.

[0091] It should be noted that the steps of the spot size
conversion method described in this embodiment of the
present invention are implemented in the spot size con-
version apparatus in the apparatus embodiment. Details
are not described herein.

[0092] Anembodiment of the presentinvention further
provides a semiconductor chip, including the spot size
conversion apparatus according to any one of the fore-
going implementations.

[0093] Anembodiment of the presentinvention further
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provides a terminal device, including the spot size con-
version apparatus according to any one of the foregoing
implementations.

[0094] In the foregoing embodiments, each embodi-
ment is described by focusing on a different aspect. For
a part that is not described in detail in an embodiment,
refer to the related description in another embodiment.
[0095] It should be noted that for brief description, the
foregoing method embodiments are represented as a se-
ries of actions. However, persons skilled in the art should
appreciate that this application is not limited to the de-
scribed order of the actions, because according to this
application, some steps may be performed in other or-
ders or simultaneously. It should be further appreciated
by persons skilled in the art that all of embodiments de-
scribed in this specification are example embodiments,
andtheinvolved actions and modules are not necessarily
required by this application.

[0096] In the several embodiments provided in this ap-
plication, it should be understood that the disclosed ap-
paratus may be implemented in other manners. For ex-
ample, the described apparatus embodiment is merely
an example. For example, division into the units is merely
logical function division and may be other division in ac-
tual implementation. For example, a plurality of units or
components may be combined or integrated into another
system, or some features may be ignored or not per-
formed. In addition, the displayed or discussed mutual
couplings or direct couplings or communication connec-
tions may be implemented through some interfaces. The
indirect couplings or communication connections be-
tween the apparatuses or units may be implemented in
electronic or other forms.

[0097] Theforegoingunits described as separate parts
may or may not be physically separate, and parts dis-
played as units may or may not be physical units, may
be located in one position, or may be distributed on a
plurality of network units. Some or all of the units may be
selected based on actual requirements to achieve the
objectives of the solutions of embodiments.

[0098] In addition, functional units in embodiments of
this application may be integrated into one processing
unit, each of the units may exist alone physically, or two
or more units may be integrated into one unit. The inte-
grated unit may be implemented in a form of hardware,
or may be implemented in a form of a software functional
unit.

[0099] When the integrated unit is implemented in the
form of a software functional unit and sold or used as an
independent product, the integrated unit may be stored
in a computer-readable storage medium. Based on such
an understanding, the technical solutions of this applica-
tion essentially, or the part contributing to the conven-
tional technology, or all or some of the technical solutions
may be implemented in a form of a software product. The
computer software product is stored in a storage medium
and includes several instructions for instructing a com-
puter device (which may be a personal computer, a serv-
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er, a network device, or the like, and may be specifically
a processor in the computer device) to perform all or
some of the steps of the method described in embodi-
ments of this application. The storage medium includes
any medium that can store program code, for example,
a USB flash drive, a removable hard disk, a magnetic
disk, an optical disc, a read-only memory (ROM), or a
random access memory (RAM).

[0100] The foregoing embodiments are merely intend-
ed for describing the technical solutions of this applica-
tion, but not for limiting this application. Although this ap-
plication is described in detail with reference to the fore-
going embodiments, persons of ordinary skill in the art
should understand that they may still make modifications
to the technical solutions described in the foregoing em-
bodiments or make equivalent replacements to some
technical features thereof, without departing from the
scope of the technical solutions of embodiments of this
application.

Claims

1. A spot size conversion apparatus, comprising a ver-
tical spot size converter, wherein the vertical spot
size converter comprises N geometric waveguides,
a part between any two adjacent geometric
waveguides is filled with a filling material, each of
the N geometric waveguides comprises an incident
surface and an emergent surface, a refractive index
of the filling material is less than refractive indices of
the any two adjacent geometric waveguides, and ge-
ometric feature sizes between respective incident
surfaces and respective emergent surfaces of the N
geometric waveguides gradually decrease in a first
direction; and
the vertical spot size converter is configured to:

receive a first electromagnetic wave signal, per-
form vertical spot size processing on the first
electromagnetic wave signal by using the N ge-
ometric waveguides, to output a second electro-
magnetic wave signal, and send the second
electromagnetic wave signal to a first receiver,
wherein the vertical spot size processing com-
prises vertical spot size expansion processing
or vertical spot size reduction processing,
wherein

an angle range of an incident angle or an emer-
gent angle between the first electromagnetic
wave signal and a first geometric waveguide in
the N geometric waveguides is a first range, an
angle range of an incident angle or an emergent
angle between an electromagnetic wave signal
output from each geometric waveguide and a
next geometric waveguide is the first range, and
the first range is between O degrees and 180
degrees and is not 90 degrees.
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The apparatus according to claim 1, wherein when
the first receiver is a first waveguide, the first
waveguide is one or more of an optical fiber, a
waveguide chip, an external waveguide, or a laser;
and the apparatus further comprises:

a horizontal spot size converter, configured to:
receive a third electromagnetic wave signal output
from a second waveguide, and perform horizontal
spot size expansion processing on the third electro-
magnetic wave signal, to output the first electromag-
netic wave signal, wherein the second waveguide is
one or more of an optical fiber, a waveguide chip, an
external waveguide, or a laser.

The apparatus according to claim 2, wherein the hor-
izontal spot size converter is a tapered waveguide
whose width gradually increases in a transmission
direction of the third electromagnetic wave signal,
and a widest part of the tapered waveguide is con-
nected to the vertical spot size converter.

The apparatus according to either claim 2 or 3,
wherein the first direction is a transmission direction
of the first electromagnetic wave signal, and the ver-
tical spot size converter is specifically configured to:
gradually perform the vertical spot size expansion
processing on the received first electromagnetic
wave signal by using the N geometric waveguides,
to generate the second electromagnetic wave signal.

The apparatus according to claim 1, wherein the first
electromagnetic wave signal is received, the first
electromagnetic wave signal is output from a third
waveguide, and the third waveguide is one or more
of an optical fiber, a waveguide chip, an external
waveguide, or a laser.

The apparatus according to claim 5, wherein when
the first receiver is a horizontal spot size converter,
the horizontal spot size converter is specifically con-
figured to:

receive the second electromagnetic wave signal out-
putfrom the vertical spot size converter, and perform
horizontal spot size reduction processing on the sec-
ond electromagnetic wave signal, to output a third
electromagnetic wave signal, wherein the third elec-
tromagnetic wave signal is received by a fourth
waveguide, and the fourth waveguide is one or more
of an optical fiber, a waveguide chip, an external
waveguide, or a laser.

The apparatus according to either claim 5 or 6,
wherein the horizontal spot size converter is a ta-
pered waveguide whose width gradually decreases
in atransmission direction of the second electromag-
netic wave signal, and a widest part of the tapered
waveguide is connected to the vertical spot size con-
verter.
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The apparatus according to any one of claims 5 to
7, wherein the first direction is an opposite direction
of a transmission direction of the first electromagnet-
ic wave signal, and the vertical spot size converter
is specifically configured to:

gradually perform the vertical spot size reduction
processing on the received first electromagnetic
wave signal by using the N geometric waveguides,
togenerate the second electromagnetic wave signal.

The apparatus according to any one of claims 1 to
8, wherein thicknesses of the horizontal spot size
converter and the vertical spot size converter are the
same.

A spot size conversion apparatus, comprising M ver-
tical spot size converters and M horizontal spot size
converters, wherein each of the M vertical spot size
converters is the vertical spot size converter accord-
ing to any one of claims 1 to 9, and each of the M
horizontal spot size converters is the horizontal spot
size converter according to any one of claims 2 to 9.

A spot size conversion method, wherein the method
comprises:

receiving, by a vertical spot size converter, a first
electromagnetic wave signal, performing vertical
spot size processing on the first electromagnetic
wave signal by using N geometric waveguides, to
output a second electromagnetic wave signal, and
sending the second electromagnetic wave signal to
a first receiver, wherein the vertical spot size
processing comprises vertical spot size expansion
processing or vertical spot size reduction process-
ing, the vertical spot size converter comprises the N
geometric waveguides, a part between any two ad-
jacent geometric waveguides is filled with a filling
material, each of the N geometric waveguides com-
prises an incident surface and an emergent surface,
an angle range of an incident angle or an emergent
angle between the first electromagnetic wave signal
and a first geometric waveguide in the N geometric
waveguides is a first range, an angle range of an
incident angle or an emergent angle between an
electromagnetic wave signal output from each geo-
metric waveguide and a next geometric waveguide
is the first range, and the first range is between 0
degrees and 180 degrees and is not 90 degrees.

The method according to claim 11, wherein when
the first receiver is a first waveguide, the first
waveguide is one or more of an optical fiber, a
waveguide chip, an external waveguide, or a laser,
and the method further comprises:

receiving, by a horizontal spot size converter, a third
electromagnetic wave signal output from a second
waveguide, and performing horizontal spot size ex-
pansion processing on the third electromagnetic
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wave signal, to output the first electromagnetic wave
signal, wherein the second waveguide is one or more
of an optical fiber, a waveguide chip, an external
waveguide, or a laser.

The method according to claim 12, wherein the hor-
izontal spot size converter is a tapered waveguide
whose width gradually increases in a transmission
direction of the third electromagnetic wave signal,
and a widest part of the tapered waveguide is con-
nected to the vertical spot size converter.

The method according to either claim 12 or 13,
wherein the first direction is a transmission direction
of the first electromagnetic wave signal, and the
method comprises:

gradually performing, by the vertical spot size con-
verter, the vertical spot size expansion processing
on the received first electromagnetic wave signal by
using the N geometric waveguides, to generate the
second electromagnetic wave signal.

The method according to claim 11, wherein the first
electromagnetic wave signal is received, the first
electromagnetic wave signal is output from a third
waveguide, and the third waveguide is one or more
of an optical fiber, a waveguide chip, an external
waveguide, or a laser.

The method according to claim 15, wherein when
the first receiver is a horizontal spot size converter,
the method comprises:

receiving, by the horizontal spot size converter, the
second electromagnetic wave signal output from the
vertical spot size converter, and performing horizon-
tal spot size reduction processing on the second
electromagnetic wave signal, to output a third elec-
tromagnetic wave signal, wherein the third electro-
magnetic wave signal is received by a fourth
waveguide, and the fourth waveguide is one or more
of an optical fiber, a waveguide chip, an external
waveguide, or a laser.

The method according to either claim 15 or 16,
wherein the horizontal spot size converter is a ta-
pered waveguide whose width gradually decreases
in a transmission direction of the second electromag-
netic wave signal, and a widest part of the tapered
waveguide is connected to the vertical spot size con-
verter.

The method according to any one of claims 15to 17,
wherein the first direction is an opposite direction of
a transmission direction of the first electromagnetic
wave signal, and the method comprises:

gradually performing, by the vertical spot size con-
verter, the vertical spot size reduction processing on
the received first electromagnetic wave signal by us-
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19.

20.

21.

30

ing the N geometric waveguides, to generate the
second electromagnetic wave signal.

The method according to any one of claims 11 to 18,
wherein thicknesses of the horizontal spot size con-
verter and the vertical spot size converter are the
same.

A semiconductor chip, comprising the spot size con-
version apparatus according to any one of claims 1
to 10.

A terminal device, comprising the spot size conver-
sion apparatus according to any one of claims 1 to
10.
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